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,\IISTKA":T. - Major and sek-ct<:d Iraee·c1emelll
ah\lndanee~ of some samples of ~Io-bearing graniloid
rocks (mainly Icucograniles) from Sardinia have
Ix..:n measured, Several microprobe analyses ot
scrieile, l'hlorite ~nd biolil" ~nd analyses of unmine·
ralizcd rocks from the same outcrops have also
lx.'Cn carried OUl.

Chemistry uf lh" rocks analyzL-d shows thal lhe
emplacement uf lhl' l\lu ur"s was accompanied hy
weak alleration uf lhe host rocks, thal was per­
(orml-.:l by a<.:idil· Jluids dosely connl:cwJ as origin
\\,ilh Ihe inlrusion uf lhe granitic magmas. Alteration
is characlerized in mOSI rocks bv an increase of
SiO, and a decrease of 1\1,0.,' all olher major
deml'lllS exhibiling no charalleriSlic varialions_
TiO", MnO amI P,O, exhibil luwer conlenlS in
mUM rOl'h with respeCI IU unaltered rocks of
similar SiO, <.:Unlen!. Finall~', among lrace elemenls,
unly Ba and 1<1 luwer eXll'nl also Sr, d...-creasc Wilh
increasing SiO", all other trace c1cmtnts Jisplaving
r<uher nmS\nnt ahundanc", in musl rocks. .

Kc)' wordr: molylxlenum, alteration, IlranilOid
rocks, ores, Sardinia,

RIASSUNTU_ ~ Sono Slale misurale le (lbbondanze
degli clementi maggiori c di sclczionali demenli
uaccia in aieuni campioni Ji TOCCI: granitoidi dclla
Sar<lcgna contencnti mineralizzazioni :t molibdenitc.
Sono Slale inoltre c1fellu:trC amllisi Ji campioni di
rocce non mineralizzall' <lel!li sl<.-'ssi dcposili cd ana­
Iisi alia microsonda demonica di minetali quali
dmilc, scrkitc e bimil",

La composiziunc (himica dclk rOCl·e analizzalc
mOSlra ch<: I:t formazione ddle:· min"ralizzazioni fu
:Jccompallnala d:t debolc ahemzione delle rocce ad
upera di fluidi :Jcidi, la cui origine C Slrellamemc
conn...-ssa con ['intrusionc dei mal;mi gr:lIlilici. L'ahe·
razione e caralleriu:Jl:J ndb maA!:ioranza delle
rocee da un aumenlU ddla silil·c e una diminulionc
dcl1'a11umin:t: lImi gli allri ossidi ntaggiori non
pr<:Sl"nlano vnriazioni di COnlcnulU impurtmui.
TiO,. 1\InO " [\0, mOSlrallO in genl're contenuli
piu bassi nella maggioranza delle rocce rispeno :t
roccc inalterale di corris(X>ndcme va[ore dclla silice.

In/lne, Ira gli dementi tnll<.:i,t solamentc it bario,
cd in c<:r!a misura anchc 10 slronzio, deerescono
come COlllenUlU nelle roccc all'aumemare della si.
lice, mcnlrc lUui gli ahri mostrano ahbondanze
abbastanza coslan!i ne11a maggioranza delle rocce
ana!innle.

Parole L·hiav/,: molibdeno, aherazionc, granitoidi,
minenl!il7.azioni, Sardegna

Introclu('tion

Mo showings in Sardinia are known since
least century (jERVlS, 1873; LOVISATO,
1886; TRAVERSO, 1898), but only recently
they have raised new interest (e.g. SALVA·
DORJ, 1959; BACCOS, 1968; HALL, 1975;
GHEZZO et aI., 1981; GUASPARRI et al.,

1981, 1984; BRALlA et aI., 1983 a, b), In
facr, although they have no economic value,
the hulk of molybdenum being distributed
through large rock volumes, their study may
be useful not only for explaining their genesis,
but also for prospecting.

In this view we have analyzed the
wnllrocks of several major Mo showings of
Sardinia with respect to major and selected
trace elements.

\Vie have considered the Sardinian Mo
showing ,IS a whole mineralization, as they
show many dose features and, moreover,
are genetically relarcd to the same magmatic
cycle.

The materia III IItudied

The Sardinian Mo showings, the locations
of which arc reported in fig. 1, occur within
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granilOiJ rocks thllt :lrc fine.grained leuco­
granites and porphyrilic lcucogranitcs, except
for showings from Og!i:lsml. ,hIlt are related
to granodiorites. All these igneous rocks
belong to the Sardo-Corsica batholith of
Hercynian age. In particular the leucogmnitcs
were emplaced during the last stage of the
Hercyni;ln magmatic cycle, while the grana­
dioriles reprcS(:nt products of earlier stages
(BULlA Cl al., 1982). According to GUA­

SPA1l.JI.1 ct al. (1984) there is a generic link
between the hypoabyssal rocks of the Icuw­
granitic suite and the Mo showings. This
link exists also in the case of the showings
from Ogliastra, ss, despite their occurrence
within the granadiorites, they would be con·
nected wilh hydrothermal circullltion relata!
to the intrusi~n of a system of great leuco­
granite-porphyry dikes.

The Sardinian Mo showings occur as
stockworks. quartz veins, frocture fillings
and disseminations in the granitoid rocks.
There is a close relationship between ore
occurrence and paragenesis; in particular dis­
seminated-Mo ores are associated with spha­
lerite, chalcopyritc, wolframitt and pyrite,
while MoS~ from the other occurrences is
associated with )laICn3, sphaleritc and pyrite.
According to GIIl::zzo el al. (1981) hydro­
thermal halos with propylitic, 3rgillic and
phyllic assemblagcs are associated with the
showings, that have thus been referred as
porphyry-st)'lc mineralization. However, only
in a few occurrences as at Perda Lada,
hydrothermal halos of different mineral as­
semblages are arflln~cd in roughly concentric
zones, suggesting p:lIIerns of typical porphyry­
ore deposilS.

Hydrothermal alteration scarcely penetrates
into the mctamorphic cover, llffecting pre­
ferentially the igneous rocks. According to
GUAsrARRr et al. (1984) .Ilteflltion of higher
degree is mainly associated with dissemina­
ted-Mo ores.

A brief description of the main cha­
racteristics of the Silrdinian Mo showings
studied is given in the appendix. Geological
inform:ltion on the S,lrdinian granitoids and
related Mo showings is reported by BRALlA

et al. (1982) and GU.... SI'ARRt er a!' (1984),
respectively.

The rocks studied in this paper were col­
lected from Mo showings moving away from

•
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Fig. I. _ Gl"Qlul:iC~l SkelCh rnap .,f Sardinia with
1000lion of the Mo showing slUdil-d. a = l-Ier<)'nian
plUlonic rocks; b = Metamorphic rocks or pre·
H<:rcynian :II:C; C = Pcrrnian volcanic rocks and
JX>SI-Pcrmian lcrrancs. I = J\lonle Corilla; 2 = Su
Scinarsiu; 3 = Pcr,ja c Pibera: 4 = Pcrdo Majuri:
.:> = Scrra Mandnl; 6 = Gocnc; 7 '" Baddc Sa Figu:
8 = S'Abbasana; 9 = Mont<: /<"Iunnu.

the minctillized spots towllrds the unmlOC·
ralized rocks. With respect to the type of
J"loS~ occurrence in the mineralizcd rocks,
this sulfidc may occur disseminaled or host
in quartz-bearing veinlets (slockworks). These
two types of occurrence are sometimes
associated in a same showing. MoS~ may
also fill in some little fractures of the rocks,
but this third occurrence type is of very
subordinale importance. The unminerali2ed
(barren) rocks, )lenerally showing no evident



CIIL\lIC.H. J'L'\TUIlI:S 01 \'C'ALlIlVC":S ~:TC 27

nltl·mtion were oflen co]lened at very
short (from a ten to n hundercd meters
dependin~ on lhe type of occurrence \lno
size of Ihe minernli.wdonl distance from the
mineralized rock.

r.,IOSl of Ilk: mincr'llized rocks studied
show .llleralion of primary mineral ph\lses
such :IS hiolile In chluritc :lnJ of ph1lliochbe,
onl~' on::lsionally nlMJ of K-fc1dspar anJ
biotitc, to scricilC. This latter, however, is
1IIw:1~'s rormed in sm;tl1 :1I11ount, thus Sllll'
gcsting ;: moJerately low graJe of .. Iler:nian.
Scl'OnJary quartz uftcn fills in the fraclUres
of Ihe rocks and pyrite occurs as dissemin:lled
sl:lflels.

Of suborJin'llc impun:lIlce is anOlhcr type
of alter'llion that is t·h\lracterizetl bv Ihe
a:>soci:lIion of chl\.ri.c. caroonalc :mj day
minerals, chlorilc .H"I cl:!\' miner\lls sub­
stitUling in panicular for biOlile and plagio­
clll:>C, resJx-'cli,·c1y. l~pidUle m.ly occur in rhis
assemblage, bm il is gcncf;llly rare in all
outcrops studietl. except in those from O&Iia.
stra. Llle calcite somclimcs occurs in liltle
veins nossculling the altered rocks. Due 10
the low abunJam.:c of l·.llcile and cpiJotc it
i... questionable if lhis itssemhlage GHl he
referred as propylitic.

Anul:"'lical ))ru\·t·llur."

All rocks h:lve been slUdied fur major
::and Ir.lce e1emenlS, except Li ::and F, by
means of XRF analysis. following the proce­
dure of fRAN"LINI et 011. (1972) for major
and minor elemcms, and LOON I and SAnTA
(1976) for Irace c1emenls, resPLoctlvely. Li
has Ix.-en delermined by fl:tme spectrophOlO.
mem' and F with a sensilive ck"Ctrode
tech~ique. The prl"Cision and accur:1CY of
measurements h:lVe been calculated agllinsl
~eveml internaliol1:t1 standards, ,1nl! the\'
were better than 10 Ob fur tracc element;.

Rl:llultl! mul tlil!l'ulll!ion

Major and sclcct..."tl trace-clemcnt :Ibun­
dances uf the gunitoid rocks from Ihe S,lf­
dinian Mu showings slUdietl arc give in
tab. I. TIlt.-sc data :If<: plolled versus SiO~

in ng. 2 and fig. J, as lhe coment of this
oxide incre::ascs in most rocks with the
respect 10 the S.. rdininn unaltered granitoids.

Tab. 2 shows the chemic'll analyses of

Sc1tXled miner..1 phases from rhree major l\lo
showin~s. Finally fi~. 4 compares lhe
avcmges of major. sclcclcd Iracc elements
and some element ratios in oolh the b:lfren
and mineraliz-cJ rocks. Since there is a great
differcIlCl' of chemislrY and mineralogy
betwccn ICllcogranites :lOd Ogli:lslra biotitl·
granodioritl"S, lhe ..n:tl~'lic'll data ::are pre­
sented <lnd Jiscussed sep.mllcl~' for the two
rock-types, dealing first with the more
llurnefllUS letll.:ogranitic rocks.

frum fig. 2 it is app,lrenl that among
m'ljor elements AbOI is the only oxide that
dl"Creascs systemalically with increllsing SiO~

in mus. rocks. ..s gencmlly observed in
silicificalion processes. However il sho\\'s no
signific:llll voriation in most disscmin:l.led­
MoS~ bearing rocks wilh respect to averages
of unllhered leucograniles from Sardinia
mlSorE. 1982; GUASPARJU et ul., 19841,
indicalin~ scarce, ur evcn null, alteration of
:lluminosiliclues in lhese rocks.

Relalive 10 avefftges of unllltered leuco­
granites MgO and Fe~O:"", Stuy constant in
m,my rocks. As Mg and Fe ::arc mainly borne
by biutite in the unaltered rocks, it is ap·
parCllt thlll alteration of this phase to chlorite
ctllsed unly minor variillions of coment of
both elements, in agreemenl with the data
of t:lb. 2 showing chlorite comuins similar
Mg .lOd hiKhcr Fe comcms Ihun biOlitc in
.he rocks slUdied. From the S:lme d::ata it is
also seen th,1t ::ahemtion of biut1te to scricile,
Ihat as 5:.lid above is of subordinate impor­
tance, mav <lccount for the low Fe comems
of some b~rren rocks, bUI it does nOl explain
why .hese lotlcr exhibit no parnlle dcplction
in ;...'tgO as 10 be expectcJ bec::ause of lhe
vcry low Mg coments of sericite. This
Jiscrep:lIlcy h..s no ready explanalion. Fi­
nall~'. sample Mo·16 shows the highest MgO
:lnd fe~O" ,,,' conlems of all samples Hllalyzed,
suggesting the presence of II relatively
abundant fc-oxide ph::ase in Ihis rock.
K~O is conSI.\Il1 in most rocks with respect

lu :lVcrages of Sardinian unahered leuco­
J!mnites, showing however a depletion and,
cOIl\'erscly, an increase in some mineralized
and barren rocks, respectively. As suggested
from t;lb. 2 dora, enrichment in K may be
explainl-d b~' alteration of plagioclase to
scricilc, while depletion is likely due to
alter::ation of K.bearing phases, panicularly
chloritization of biotile.
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TABLE I

Major (WI %) and selected trace-elements (ppm) contents
in tbe wallrockr Irom the Sardinian Mo showinJ!.s
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Symbols: ... = Jisseminatcd·MoS, bearing rocks; X
• = barren rocks.

rocks bearing MoS. in quartz veins;

CaO does not vary significantly in most
rocks relative to averages of unaltered leuco­
granites, being somewhat lower only in a
few rocks likely because of p1<lgioclase
alteration. CaO shows the highest value in
sample Mo-6, th,lt is affcrted bv e,lrbonatc
alteration. .

To alteration of plagioclllse are also
referred the lower contents of Na~O of most

barren rocks with respect to average unal.
tered Sardinian leu<;ogranite. Mineralized
rocks show large scatter, with the average
close to that of unaltered rocks. This suggests
only slight alteration of plagioclllse in these
rocks.

P~Os is low in most rocks with respect
to averages of unahered leucogranitcs and
does not show any correlation with
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mcreasmg SiO~. The low contents of this
oxide in the rocks studied arc perhaps due
to analYlical unccnuinty. The highest con­
tenlS of samples Mo-12 and Mo·19 suggest
a greater 'Ibundance of apalite and/or OIher
phosphate phase in these rocks.

Finally l...lnO and TiO~ are lower in most
rocks than in average lInahered IClIcogranite.
Alteradon of biOlile to seridte may account
for the decrease of bOlh elements as indicated
by lab. 2 data showing lower Ti and Mn
comems In sericile with respecl to lhe
coexisling biotite.

From the same data it is also apparem
that, as chlorite is a Ti·poor phase in the

rocks sludied, chloritizalion of biotite may
decrease Ti content of Ihe rocks. Chlori­
tization of biotite may also bring Mn
depletion, liS chlorite contains somewhat
lower MnO than biorite. However alteration
of some other phase (Fe oxides?) may
contribute 10 further decrease Mn levels.
A few rocks, such as samples Mo-12, Mo-13
and Mo-16, display higher TiO! contents
Ihan averages of unaltered rocks, likely due
10 the presence of relalively abundant Fe­
oxides in lhese rocks.

Among trace elemenrs (6g. 3) Li is lower
in mosl rocks, and in particular in the barren
ones, rdative to average of unahered leuco-
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grl1nite~ (31STI-:, L9~2), in awccmcnt with
,\heration of biotitc, th,lt is probably the
main Li carrier in the llnaltcTc:d tcx:ks. Some
mincrali%ed rocks from Perda Majori deposit
show .1 relatively strong enrichment, indi­
cating that relatively volatile-rich fluids were
involved in the genesis of this showing, in
agreement with the presence of toP:I~ in the
rock p:lragenesls.

Rh and Ph generally show no malar
variations with increasing SiO~ in all rocks,
except those containing dlsseminated-MoS~.

These latter, in fact, show both enrichment
as at $'Abbag,ma deposit, and deplelion as
at Monte Munnu deposit, indic'ltmg quite

opposite ,lIter.lIion patterns in the rocks
from these two showings.

In panicul<1f ,t1tenltion of biot!!..::, that is
'I m,lin Rb and Ph carrier in the S.lI"dini;ln
unaltered lellcogr.mites, to <:hlorite nl,Ly
C:luse Rb impoverishment of the rocks, as
chlorite is a Rh {.md likely Pb )-poor ph'lse.
On the contrary, as suggested b~' tab. 2 dilta,
scricitiz'i1ion of biotite causes little variation
of Rh content in the rocks (and perhaps also
of Ph). Moreover seriClti~ation of plagioclase
mav even C01ll:enmlte Rb ,U1J Ph, as this
feldspar is a phnse very poor In these
elements, thus leading to a potential enrich·
ment of the rocks. Finally, sample Mo-12
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h~. 2. Ikhlliullship 01 major oxides \'ersu~

SiO, in the wall rocks from Ihe S,mJiniml Mo
shuwings studied. • = harren rocks; .. = disse·
minal(x:J·MoS. bearing rocks; X '" rocks bearing
MoS, in (jW\rt% \'{'ins; 0 = .. <1\'eragc" gnlOodiuritc
from Ogliastr:l (FIORI Cl aI., 198-41; big. = «avc­
rage,. kumgranilc from Soulhern Sardinia (BtSTE,
19821; • and 0 = «average,. leul:ogranile and
porphyrilic kuco~mnile frum Sardinia (GU,\SP,\RIlt
er aI., 1984), respcctively.

• ••
shows the highest Ph contelH among all
samples studied, likely In rehuion to the
presence of some gillena in this rock.

Sr, and much more B;l, nrc Ilcncrally
depleted In most rucks rduti\'c to ~t\'er:lge

unaltered lCllcogranite, except in samples
Mo·12 and Mo·lJ th;H cQlHain a small
;tmount of h,tritc. Depletion of these two
clemelHs is clearl\' referred to alterntion of
pl;tgiodase (Sr) :lnd K-bearing phases (R;t),
mainlv hiolite.

F 'shows roughly constant contents Ln

most rocks, only 'I few of them, and
significantly nil mincr;tli:<:ed, displaying a
sensible enrichment. The highest content of
sample Mo·9 is accounted for by the presence
of fluorite in the rock p:lragenesis.

..
•

o

·,r. ,.
.- :.

•
•

'.
..
•

00

•• • o·

:JMgO
-I ."'-' ,..
.. ".,-- -;;.,-- ·_=.__•__,S.:~i~....,L-

.f-----.--=.--------------..,.
:Jcao



/1.1. 1'"10111, c. r;ARBAIIINO, G. PAl>ALlNO, L'. MASI

.. La
o

•Ba

•
• •

• • •

•
•

·.•

•
•
•

• •• • of •-.. ­. .'•

,
• •

•

I...
•

-. -.
••

•
':"~.':'-..'

•

•• •

•
•

•

•

•

.. Ce o •

•

•

•

•

• Zn

•

•--.~•
~

•· .
I - 't·-- '. -.-

•
· l'--I. ..~

• •
•

•
•

t

•
••

•

•
••f-;+-----'---'-'--------'

•

.. ..-: - ~ - "
•
•
•
•

•

•

•
••

•

• _~ 1,_

--{f - "S'
•

•
•
•
•
•

•

•

••

• • •

Rb

...
•

·-.' •

• • •, . .
v - ._, •

Fig. J. - Rel.tionship of sck'(·tC'd lrace elcmcflIs
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Zr, Cu lInd Zn show r:lIhcr constant
comenrs with increaSing SiO:;, ~lhhOllgh

perhaps somewhat lower than average of
unaltered leucogranites. In particular there
IS evidence that .meon, as to be expectctl,
was a stable phase during ~lltef;ltion of the
rocks swdied. Some Cu and Zn were pos­
sibly lost during alteration of biotite, that
IS likely the main cllrrier of these elements
In the unaltered rocks.

No companson Gm be done for La ~lnd

Ce with averages of these elemenls m Sar·
dinian unaltered leucogranites, as data in this
respect lack, J-Iowcver from fig. 3 it IS

apparent that these elements show no par­
ticular trend wilh increasing SiO:;, suggesting
that their contenlS did not vary significantly
with alteration in the rocks studied :lIld thus
the host phase{$} was stable. Sample Mo-I6
shows the highest La and Cc contems among
all rocks. As this sample exhibits also the
highest Ze coment, there is suggestion that•
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TMILJ:: 2
Alicrnprob,' analyses 0/ selected mil1eral phases 0/ the waUrocks

from three Sardilliall Mo showings
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Major and uaet:-c1el\leOl obundunces MC ('xpressed as weighl (X'ro:Cnl and ppm, respectively. Sample
iderllifiL"lllion as in lah. 1.

La and Ce arc mainly ,lssOCiated with zIrcon
in this rock.

Taking into account the average contCntS
of all elements analyzed it is apparcnt from
fig. 4 Ihat the disseminated·MoS~ bearillt,\
rocks show slightly higher contents of Na,
AI, Fe, Ce and Rb than the other rocks.
On the contrary, thc barren rocks are com­
paratively somewhat enriched in K, Ti, P
and Sr, while the rocks containing MoS~

in quartz veins, apart from being of course

enriched 1ll SiO~, show no chllrm.:teristic
abundances.

It is noteworthy that the disseminated·
MoS~ bearing leucogranites exhibil average
chemical abundances that are closer for many
c1emenls, except TiO~ and P~O~, to those
of unaltered similar rock-types (GUASPARRI

et al., 1984) than the other rocks, and in
particular the barren ones. This suggests
that the disscminated·MoS~ bearing lcuco­
granites were affected by weak bulk alrera-
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Fig. 4. - AI'e:r:lg~ wmeots of 11.11 dc:menu aoal)'Zro
and selected intc:relemem rdationships in tne: wall·
((l(ks from the Sardinian Mo sho..... ings ~tudicd.

Symbols as in fig. 2.

•

tion, in 'l~rC'<.·rnelll with l)Ctr(l~mphi( evidcnce
showing m,ljor altcr'llion bcin~ restricled
m;!inl\' to biotitc. \'(/c'lk altenllion re!julls
also from fi)t. '5 that plots on a A·K·F
diagram the Sardin;an rocks und reference
fields of the dilferent alte:r:lIion ;Issemblages
;lnd fresh rock composilion~ of the main
Mo deposits from Northern America (MUTS­
OILER cr '11., 1981). I r is in fact apparem
that the S:lfdinian m;nef:llizl.."(1 rocks duster
dose 10 ,he K :lpcX. falling within thc fresh
rock fidd. From Ii/o:. '5 it is also apparent
rhat most b:uren rocks ;n a lone ,hat overlaps
both ,he fresh. rocks and ar~illic alteration
fields, in a~rccment with the more pronoun­
ced alteration shown by these rocks, where
plagioclasc also, in addition 10 biOlite, is
sometimes altered. as sUAAcsted by the lower
average Nil contents of the roch.

A wcak wallnx:k alteration and pyritization
I;ke th::lI of the Sardinian mineralized rocks
studicd is char:lclerislic of some porphyry­
type Mo de~its from Southern Finland
fNuRMI. 198'5) and other similAr occur­
rences of Prcolmbri:m a~e throughout the
world (AYRES and C£RN\', 1982). Another
feature Ihal is similar in both the Sardinian
Mo showings and Southern Finland Mo
deposits is lhe chemical composilion of Ihe
host granitoids outside the mineralizcd area,
that is normal wilh low :Illd constanr back·
ground conlcnts of ore elemcnt's.

As concerns the inrerelemenr relationships
from fi~. 4 it is apparent thAt the mine­
mlized (both disscminated-MoS:: and quartz
vein MoSA)c:uing) rock!j show average
lower K/Rb 'lnt! Mg/Li ralios with respecl
10 the barren rocks, but average higher
Ca/Sr llnJ Rh/Sr ratios :lnd similar average
Ba/Sr ratio. Thereforc there is cvidence
that the mineraliling solulions removed from
the granitoid rocks preferentially K, Mg and
Sr with respect to Rb, Li and Ca rcspectively,
whilc B,t and Sr wcrc not fractionated each
other. Tn particuhlr the lowcr K/Rb ratios
of the mincmliled rocks with respect to
those b,lrren are consistent with lhe results
of ARMBRUST Ct "I. (1977), who found
:111 increase of the Hb/K ratio toward m;­
neralizarion in two Chile,m porph}'ry copper
deposits as a resuh of sericile alteration of
the rocks. As concerns the Rh/Sr ratio, its
increllSC from the barren rocks toward those
mineralized i!j in agreement with the data
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from \XI·Mo-Bi deposits from Eastern Au­
stralia (PLlMER ,md ELLlUTT, 1979), thus
con/irminR this ratio m'ly be useful as II
guide to mincmlizalion in rocks that either
dispLIV ,LltCf'lliol1 or have no recognizable
alteration.

Finall~·. dc,ding with the gmnodioritic
rocks of the Mo showings from Ogliasrra,
frum fig. 2 it is ;\PP,lfClll that they do not
show rem'Hbblc Jiffercnct:s of major and
sdeClcJ trace-element contents relative to

average unaltered granoJiorite from the same
,lrCH (FIOKt et al., 1984), except for Cu, Zn
<lno Zr Ihat show higher levels in the
mineralized rocks. This latter {calUre is in
full a~reemcnt with the type of minenllization
(mainly Cu and Zn slllfides) host in the
Ogliaslr<I gt;tniIOids.

A

M9

K F

Th~ alkratioll l,fO('ClltWB Ullll ore gcnc8ill

Petrogr'lphic evidence shows, as said
ahove, that among the four m,ljor phases
of the miner'llizeJ w,lllrocks of the Sardinian
Mo showings stLIdieJ bio!ite is the only one
affecteJ by extensive alteration. This sug·
gesls lhat the altering fluids had c.uion/H­
ratios well below permissible limits of stabi­
lity of this phase. In particulnr nlterfllion of
biotite to chlorite, that Hccon.ling to CIl ... YES
(195.5) may be expresseJ by

2 (OHhKFe"A1Si"Ow + 2 H~O

(OH).,fe:.FeAISi"OIt, + KAISbO.~ + K'

suggests that the fluiJs contained hi~h

aqu{.'Ous Fe rehltive to alkalies. Microprobe
,malyses of biotite of the s,lmples studied
show Ir<lnsformutions of tbis phase to Fe­
chlorite and K-feklspar along the cleavage
lines, in full agreement with lhe ;lbove
reHelion scheme.

Release of K' from the mica 1.Ittice to the
altering solutions may have inereaseJ the
K' /H' of the fluids, thus f.lVoring sericiti·
z<ltion of plagiodase ,md deposition of quartz
according to the following equation (HeM·
LEY and laNES, 1964);

3 NuAlSi:D~ + 2 I-I' + K'

KAbSiaOl\..(OH) + 3 N,I' + 6 SiO~ .

Fill 5. -- i\·K·F plul tor lhe wallrocks irum thl·
Sardinian Mo showings studied. A == mole<:ular
ALO,·nlOle<:ular (Na.o+K,O+CaO); K == molecu·
lar K,O; F == molecular WeD + MgO + MnO);
Ar/( = clay minenlls; BI = biOlile; Kt = polas~i\lm

iddspar; MII = musco"ile (~t"ticite).

It is in (act likely that sericitization took
place during the same alteration event that
caused chloritization of biotite, as serieitc
exhibits high (up to 7 %) wntents of Fe
(tab. 2), thus suggesting that it formed from
solutions with relatively high Fe ion/H'
ratio.

Occasional sericitization of K-feldspar, in
addition to plagioc.luse sericitization, may
have occurred due to decreuse of aqueous
SiO~ activity because of precipitation of
quartz, as indicated by the following
equation that is shifted to the right (HEM­

LEY and ]ONES. 1964):

1..5 KA1Si"O~ + H'

0..5 KAlaSL:OII~OHh + K· + 3 SiO~.

Sericitization of K-fddspar may also have
been favored bv either .1 decrease of tem­
perature or in· the alkali ion/Ho ratio at
const:)nt pressure.

The presence of sericite and quartz of
new formal ion in the mineralized rocks
studied allows to define some of the physico·
chemical characteristics of the altering-
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mineralizing fluids. In particular deposition
of quartz from the hyJrOlhcrmoll fluids sug·
geslS that ;lctivily of aqueous silica was dose
to the v.tlues for quartz saturation and pH
of the solutions was low, as crystalline silica
is soluble:: in alkaline solutions. Occurrence
of well.shaped sericitc in all the rocks
studied fully supports this latter suggestion,
as this phase is slable in acidic solutions.
Morrover, comparison of the chemical com­
positions of sericilc from the three major
deposits shows that there is a close resem­
blance of coments for many elements, major
differences being restricted to Mn and
perhaps Rb and Ba (tab. 2). This suggests
that, despite these deposits .lre far from
each other (fig. 1), sericite was deposited
under mther similar physico-chemical con­
ditions, in particular from fluids of dose
chemistf}" This is in agreement with the
hypothesis silying the Sllrdinian Mo showings
formed from liquids linked to the empla­
cemem of leucogranitic magmas during the
late Stage of the Hercynian orogenesis (GUA­
nARKI el aI., 1984). Finallv, as indicaled
from tab_ 2 sericile from - Perda Majori
deposil exhibits lower Rb/K ralios than Ihe
associated magmatic biolile. This m:w be
aCCOUntet.l for by the lower Icmpcr:uure of
deposition of ~ricite relative 10 biotite, in
agreement with BESWICIl (1973), who found
an incrcLlsing panitioning of Rh rel:lIive to
K inlO the vapor phase with decreasing
temperalure with respect to phlogopite,
assumin~ Ihilt, as seems rl:asom.ble. a similar
relationship holds for sericite.

However, as indicated by chemisrry of
most of the mineralize<.1 rocks studil.:d, both
K.fcldspar and the bulk pla~ioclase were
SCllrcely altered to sericitc, thus indicllling
that the 111killi ion/H' ratios of the :lltering
solutions were high enough 10 keep lhe
bulk of both feldspar stable (HEMLEY and
)ON":S, 1964). In panicular, oc-clluse stability
of plagiochl!re requires higher alkali chloride/
HCI ralios in the solutions Ihan thal of
K-feldspar, assuming that the Na/K ratios
of Ihe solUlions were equilibratetl wilh both
feldspars al aboul 400U C (I), it is calculatc..-d

{'I If ahCfation Icmpcfanu'cs "....-re 10\10', kaolinitc:
...·ouIJ probably Iuo\"c forrnffi instald of seriate
(I-h!.MlEY and lOSES, 196'n

Ihat aqueous mNaCI/mKCI was approxima­
lely 5 for the coexistence of pbgioclasc !lnl!
K-fddspar fORVILlE, 1963).

The higher delotrec of alteration of plagio­
dase in lhe barren rocks with respt.-c1 10
those mincralizet.l suggests lower NaCI/IICI
ralios in the lluios that altered the former
rocks. Therefore, if lhe altering fluids of
both mineralized and barren rocks werc 10

some extcnt relaled wilhin a same gcnetk
framcwork, there is sU~l.."Slion Ihat these
l1uids were progressively lesset saline mO\'in~

outward from the minemlized zone. Aher­
nalively it is possible Ihat the alteration of
the barren rocks WllS mainly due 10 weathe­
ring, rhus indicating the mineraliz:uing
proce~ses were restricted to very sm:tll
portion.; uf the gmniloid rocks, as the barren
sample were collecred within shon (less
Ihan 100 m) diswnce from lhe ore occur­
rencc.

The chemical fealures of the minerali ....~:d
wallrocks studied do not allow 10 assign thc
.Ihering fluids a dcfinitc origin. but ilS in
m.lny other ore deposits conneclcO with
m:lgmalism il i~ likelv that Ihe Auids \\'cre
a mixture of bolh m"agmalic solutions :md
mcteoric walCrs (e.):. SHEPPAKD et al., 1971).
In Ihis view, as lhe Sardinian lcucogranites
wcre empl:lced al shallow dcpth in the crust,
prob-.lblv Icsser lhan 4 km (GUASPAKRI et
al., 1984), then it is likelv that these shallow
intrusions staned h\'dr~thcrmal circulation
systems that caused wallrock alteration.
Howevcr alteration was mainly restriclCtI
10 [he gnmitic bodies thcmselvcs, ilnd only
to lower extent affccte<.1 thc melamorphic
cover, as indic:lled by field evidence (GUA­
SPARRI et :11., 1984) lllld suggeste<.1 by Ihe
low M~ and high Fe contents of chloritc in
[he rocks sludied (lab. 2) indicating leaching
and circuhnion of the fluids mHinly throu~h

,lcidic rocks. Therefore it is possible to put
some conSlr:lints 10 the provenam:c of base
metals of the mineralization, and in
particular of Mo. The bulk of this I:lIter
thus could nOI derive from leaching of
the metamorphic rocks intruded by the
granitic magmas, but likely from thc..'Se latter.
In Ihis vicw, as Mo is an c1emenl incompa­
tible wilh major igneous rock-forming mi­
nerals and tends to be concemrated in lhe
residual liquid and V;lpor phases of an)'
magmatic syslem (KRAUPSKOPF, 1979), lhen
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iI seems reasonable thal the bulk of Mo
was carricJ by the late magmatic l1uids.
Th~ lauer are cXPCCl(:c IQ be rich in K

and depletcJ in AL.()3, as suggested. by the
close rel:nion between l\'lo and K observed
in ~veI"J1 deposits (WESTRA and KEITH,
1981). The magmatic l1uids merging into Ihe
meteoric waters introduced Mo in the hydro­
thermal syslem, where Mo is largely
transported as HMoO I Wilh lesser .1mounlS
cont.lined in 1-1~~loO, and MoO:!F (SMITH
Cl :11., 1980).

In such svstems Mo concentration may
reach several" thous.md part per million at
).50" C, but its solubility decre.lses drastically
belween 350" and )OO~ C.

The low grade of the Sardinian Mo
showings may rellect either lhe slight grade
of gcochcmical specialization of the leuco­
granites (BISn:, 1982) and/or some unfavo­
rabIc gt.'Ologic condilions (GUASPARIU et al..
1984). With respect to the first hypolhesis
il is noticed thln lll'Cording to MUTSCHLER
et al. (1981 J a F content ~ 0.1 percent is
diagnostic of granile·molybdcnite systems.
F is import<lnt as high F comems in the
m.lgmas incre.lse the solidus tempctflture
<Iod f<lvor crystnlliz:ltion, decreasing the
water solubililY in the magmas. This, in
mm, incre:lses Ihe possibility of forming
hvdrous K-rich silicate melts than can con­
c~ntr:He Mo. Therefore, with respect 10 F
con lent of the S:lrdinian rocks analyzed, it is
apparenl that only in a few samples il is
gre:ner than 0.1 %, this possibly accounting
for Ihe low grade of the Mo mineralization.
The low grade of the Mo mioeralization
perhaps depends also on the low grade of
hydrothermal alteralion, well evidenced by
the scarce amount of newly-formed K sili­
cales in the rocks studied.

Finlllly the absence of major propylitic
halo that is typical of mlmy Mo deposits
throughout the world (e.g. \'QESTRA and
K£ITIl, 1981) may be explained by the fact
that leaching of the leucogranites could not
provide large amouOlS of Ca, Mg, and Fe to
the mineralizing solutions to be deposited
in the form of e.tlcite and epidole in the ourer
zones of the mineralization. Propylitic alte­
ration is, on Ihe contrary, more developed
in Ihe Ogliastra showings, in agreemcOl with
the more mallc chnracler of the wall rocks.
These latter likely provided most of Cu and

Zo, that represent the main base metals of
the Ogliastta mineralization, where MoS-! if
of subordinate imponance.

Apl~ndix

BIII£F DESCRIPTION OF THE MAIN
CHARACTEIlISTICS OF THE SARDlNIAN

Mo SHOWINGS STUDIED

Locali/y: MONTE CORILLA

Rock-/YPl': Icucogranite.
Wallrm:k al/eration: plagioclllsc to scnclte

and rarely to epidote; scarce sericile upon
K-feldspar; several veinlets of calcite
lhrough the rocks.

Ou ouurrl!1lu: both disseminated and
quanz veinlet slockwork.

Ore paragenes;r: molybdenile with subordi­
nate sphalerite, galena, chalcopyrite and
rare wolframite; abundant pyrite in
veinlets; Fe oxides.

Locality: Su SEINARGIU
Rock·type: porphyritic leucogranite.
Wallrock alteration: plagioclnse to sericite

and clay minerals.
arc occurrCIICt': both disseminated and

quanz veinlet suxkwork.
Ore paragenuir: molybdenite and pyrite

with subordinate chalcopyrite and rare
wolframite.

Ltxality: PERDA E PIBEJIA
Rock-typt': medium-grained leucogranite.
\Va/lrock al/era/;on: plagioclase to sericite

and clay minerals; biotile to chlorite or
sometimes to sericite and calcite.

Ore occurrenct:: both disseminated imd
quartz veinlet stockwork.

Ore paragclIl'sir: molybdenite with subordi­
nate sphalcritc. galena and pyrite.

Locality: PERDA MAJOR I
Rock-type: leucogranite.
Wall,ock alUration: plagioclase 10 senate

and day minerals, biotite to chlorite and
sometimes to sericite, K.feldspar rarely to
serkitc.

Ore occurrence: quartz veinlet, stockwork.
Ore paragenes;s: molybdenite, wol&amite

and pyrite with subordinate chalcopyrite,
sphaJerile, galena and bismuthinite, topaz.
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LC)(:1l1ity: Sf.KR'" MANDMA and GUEN£

Rock-type: biotite granodioritc.
WlJllrock alteration: plagioclasc to scricite,

biotite (0 chlorilc and SOffitl1meS to
epidole.

O,e occurrmce: disseminated.
Ore porogeneris: sphalcrilc wilh blehs of

chalcopyrite, chalcopyrilc, molylxlenile,
galena and magnetite.

Locality: BADDE SA Flcu
Rode-type: fine.grained leucograniu:.
\Va//rock alteration: biotite 10 chlorilc and

rarely to sericite, plagioclase 10 scricilC and
clay minenals; K-feldspar somelimes to
sericite.

Ore occurrt:nu: disseminated.
Ore pa'QgM~sis: molybdenite and pyrne;

fluorite.

Locality: S'ABBACANA

Rock-/)'~: 6ne-grained leuco~l".tnile.

Wol/,ock alteratio'l: phlgiocbse to seri<:ite
and clay minenls, biotite 10 chloritt' :lnd
scricite: X-feldspar somctimes 10 scricite.

Ore OCCllrrt'nce: both dis:.emimllCtI :\Ild

quartz veinlt:1 stol,:kwork.
Ore paragent'sis: mol~'bdenile :lno pyrilc.

Locality; MONTl' MANNU
Rock-type: coarse- 10 medillm-grainetl lellm­

granite.
\Vallrock altt'ratiulI: plagioclase to scricilc,

and somelimes 10 C'.llcilc, biolile 10 chin·
rite and sericitc, K-fddspar somclimt.'s 10

sericile.
Ore occurrr:l1ce: disseminaloo.
Ore parage"t's;s: molybdcniu:" pyritc with

subordinate chalcopyrilc :l1ld wnlframilt:.
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